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1
METHODS AND DEVICES FOR
DETERMINING SENSING DEVICE
USABILITY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/503,234 filed on Jun. 30, 2011, the entirety of
which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a method of determining
device usability through the application of a potential across
a continuous polymer matrix and measuring an electrical
property to determine whether a device has exceeded a
threshold level associated with device usability.

BACKGROUND OF THE INVENTION

A multitude of laboratory immunoassay tests for analytes
of interest are performed on biological samples for diagnosis,
screening, disease staging, forensic analysis, pregnancy test-
ing and drug testing, among others. While a few qualitative
tests, such as pregnancy tests, have been reduced to simple
kits for a patient’s home use, the majority of quantitative tests
still require the expertise of trained technicians in a laboratory
setting using sophisticated instruments. Laboratory testing
increases the cost of analysis and delays the patient’s receipt
of the results. In many circumstances, this delay can be det-
rimental to the patient’s condition or prognosis, such as for
example the analysis of markers indicating myocardial inf-
arction and heart failure. In these and similar critical situa-
tions, it is advantageous to perform such analyses at the
point-of-care, accurately, inexpensively and with minimal
delay.

Point-of-care sample analysis systems are generally based
on a reusable reading apparatus that performs sample tests
using a disposable device (e.g., a cartridge or strip) that con-
tains analytical elements (e.g., electrodes or optics for sensing
analytes such as, for example, pH, oxygen, or glucose). The
disposable device can optionally include fluidic elements
(e.g., conduits for receiving and delivering the sample to the
electrodes or optics), calibrant elements (e.g., fluids for stan-
dardizing the electrodes with a known concentration of the
analyte), and dyes with known extinction coefficients for
standardizing optics.

Point-of-care sample testing systems eliminate the time-
consuming need to send a sample to a central laboratory for
testing. Point-of-care sample testing systems allow a usere.g.
a nurse and physician, at the bedside of a patient, to obtain a
reliable, quantitative, analytical results, comparable in qual-
ity to that which would be obtained in a laboratory. In opera-
tion, the user may select a device with the required panel of
tests (e.g., electrolytes, metabolites, cardiac markers and the
like), draw a sample, dispense it into the device, optionally
seal the device, and insert the device into the reading appara-
tus to communicate the data to an LIS/HIS for analysis. An
example of such a system is the i-STAT® system sold by
Abbott Point-of-Care, Inc., Princeton, N.J., USA. The
i-STAT® portable blood analysis system typically comprises
Wi-Fi-enabled reader instruments that work in conjunction
with single-use blood testing cartridges that contain sensors
for various analytes. For further information on the i-STAT®
portable blood analysis system, see http://www.abbot-
tpointofcare.com/.
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Analyzers, such as a self-contained disposable sensing
device or cartridge and a reader or instrument, are further
described in commonly owned U.S. Pat. No. 5,096,669 to
Lauks, et al., the entirety of which is incorporated herein by
reference. In operation, a fluid sample to be measured is
drawn into a device and the device is inserted into the reader
through a slotted opening. Data generated from measure-
ments performed by the reader may be output to a display
and/or other output device, such as a printer, or, as described
in greater detail below, via a wireless network connection.
The disposable device may contain sensing arrays and several
cavities and conduits that perform sample collection, provide
reagents for use in measurement and sensor calibration, and
transport fluids to and from the sensors. Optionally, reagents
may be mixed into the sample for testing. Sensing arrays in
the device measure the specific chemical species in the fluid
sample being tested. The electrochemical sensors are exposed
to and react with the fluid sample to be measured generating
electrical currents and potentials indicative of the measure-
ments being performed. The electrochemical sensors may be
constructed dry and when the calibrant fluid flows over the
electrochemical sensors, the sensors easily “wet up” and are
operational and stable for calibration and composition mea-
surements. These characteristics provide many packaging
and storage advantages, including a long shelf life. Each of
the sensing arrays may comprise an array of conventional
electrical contacts, an array of electrochemical sensors, and
circuitry for connecting individual sensors to individual con-
tacts. The electrical signals are communicated to a reader
enabled to perform calculations and to display data, such as
the concentration of the results of the measurement.

Although the particular order in which the sampling and
analytical steps occur may vary between different point-of-
care systems and providers, the objective of providing rapid
sample test results in close proximity to a patient remains. The
reading apparatus (e.g., i-STAT® or other wireless analyzer)
may then perform a test cycle (i.e., all the other analytical
steps required to perform the tests). Such simplicity gives the
physician quicker insight into a patient’s physiological status
and, by reducing the time for diagnosis, enables a quicker
decision by the physician on the appropriate treatment, thus
enhancing the likelihood of a successtful patient treatment.

In the emergency room and other acute-care locations
within a hospital, the types of sample tests required for indi-
vidual patients can vary widely. Thus, point-of-care systems
generally offer a range of disposable devices configured to
perform different sample tests, or combinations of such tests.
For example, for blood analysis devices, in addition to tradi-
tional blood tests, including oxygen, carbon dioxide, pH,
potassium, sodium, magnesium, calcium, chloride, phos-
phate, hematocrit, glucose, urea (e.g., BUN), creatinine and
liver enzymes, other tests may include, for example, pro-
thrombin time (PT), activated clotting time (ACT), activated
partial thromboplastin time (APTT), troponin, creatine
kinase MB (CKMB), and lactate. Although devices typically
contain between one and ten tests, it will be appreciated by
persons of ordinary skill in the art that any number of tests
may be contained in a device.

A given hospital may use numerous different types of test
devices and test instruments at multiple point-of-care testing
locations within the hospital. These locations can include, for
example, an emergency room (ER), a critical care unit (CCU),
a pediatric intensive care unit (PICU), an intensive care unit
(ICU), a renal dialysis unit (RDU), an operating room (OR),
a cardiovascular operating room (CVOR), general wards
(GW), and the like. Other non-hospital-based locations where
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medical care is delivered, include, for example, MASH units,
nursing homes, and cruise, commercial, and military ships.

In some cases, cartridges have a shelf life which may vary
widely depending on the specific cartridge as well as upon
storage conditions. For example, some cartridges may have a
shelf life of about six to about nine months when refrigerated,
but a much more limited shelf life, e.g., about two weeks at
room temperature, or, more specifically, about ten weeks at up
to about 30° C. As aresult, hospitals typically store cartridges
at a central refrigerated location, and deliver cartridges to
specific locations as demand requires. These locations can
include, for example, an emergency room (ER), critical care
unit (CCU), pediatric intensive care unit (PICU), intensive
care unit (ICU), renal dialysis unit (RDU), operating room
(OR), cardiovascular operating room (CVOR) and general
wards (GW). These locations may or may not have available
refrigerated storage, and this will impact product lifetime
and, as a result, the inventory they will hold. Further compli-
cating device management is the fact that a given user, such as
a hospital, may use multiple types of cartridges, each having
a different shelf life. Alternatively, the user may be a physi-
cian’s office laboratory or visiting nurse service. However,
the need to ensure quality remains the same.

U.S. Patent Appl. No. US 2009/0119047 to Zelin et al., the
entirety of which is incorporated herein by reference, dis-
closes an improved quality assurance system and method for
point-of-care testing. It provides quality assurance for labo-
ratory quality tests performed by a blood analysis system at
the point of patient care without the need for running liquid-
based quality control materials on the analysis system. Qual-
ity assurance of a quantitative physiological sample test sys-
tem is performed without using a quality control sample by
monitoring the thermal and temporal stress of a component
used with the test system. Alert information is generated that
indicates that the component has failed quality assurance
when the thermal and temporal stress exceeds a predeter-
mined thermal-temporal stress threshold.

U.S. Pat. No. 7,612,325 to Watkins Jr., et al., the entirety of
which is incorporated herein by reference, discloses electrical
sensor for monitoring degradation of products from environ-
mental stressors and describes an environmental degradation
sensor for environmentally sensitive products such as food,
pharmaceuticals or cosmetic products provides the degraded
state and estimated remaining life of the product. The sensor
is made of a polymeric matrix and conductive filler. A control
agent, selected to adjust a reaction rate of the sensor to envi-
ronmental conditions, allows correlation of an electrical
property of the sensor to a degraded state of the product.

In general, the principles of operation for existing types of
time/temperature indicators can be categorized as physical,
chemical and electrical. Examples of physical and chemical
methods include color change of polymeric materials, chemi-
cal reactions of two elements, physical masking of a marker,
melting of a temperature sensitive material and the like.

However, the use of many existing indicators adds signifi-
cant cost and complexity to the devices they are intended to
monitor. This is a particularly apparent issue for single-use
blood testing cartridges and electrochemical strip devices,
e.g., glucose blood testing strips used by diabetics. Conse-
quently, the need remains for improved low cost time-tem-
perature indicators that are amenable to direct integration into
a device manufacturing work flow.

SUMMARY OF THE INVENTION

In one embodiment, the invention is to a method of deter-
mining device usability, comprising the steps of: providing a
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device comprising a first electrical pad; a second electrical
pad; and a continuous polymer layer contacting at least a
portion of the first and second electrical pads; applying a
potential across the first and second electrical pads; measur-
ing an electrical property, e.g., current, resistance, imped-
ance, conductivity, or a combination thereof, associated with
the continuous polymer layer; and determining whether the
measured electrical property associated with the continuous
polymer layer has exceeded a threshold level associated with
the device usability. Optionally, the method further comprises
a step of measuring an initial current value associated with the
continuous polymer layer when the device is manufactured
and wherein the threshold level is at least five times lower
than the initial current value. As an alternative, the method
may include a step of measuring an initial impedance value
associated with the continuous polymer layer when the device
is manufactured, wherein the threshold level is at least five
times greater than the initial impedance.

In one aspect, the potential comprises a sigmoidal potential
cycle, a fixed applied potential, a sequence of fixed applied
potential steps, or a combination thereof. The potential
optionally comprises a potential cycle that is applied at a
predetermined frequency in the range of about 1 Hz to about
100 Hz. The method optionally includes a step of inserting the
device into an analyzer configured to determine whether the
measured electrical property associated with the continuous
polymer layer has exceeded the threshold level associated
with the device usability.

In another embodiment, the invention is to a device having
a usability threshold, comprising a first electrical pad, a sec-
ond electrical pad, and a continuous polymer layer contacting
at least a portion of the first and second electrical pads,
wherein the continuous polymer layer has an electrical prop-
erty associated with the device usability threshold.

In another embodiment, the invention is to a device com-
prising a continuous polymer layer formed on a substantially
planar surface wherein the surface comprises two adjacent
electrical contact pads having a space therebetween, said
polymer layer covering at least a portion of the two electrical
contact pads and a portion of the space therebetween, wherein
when a preselected potential or potential cycle is applied to
the pads and the impedance or current associated with said
polymer layer is measured, said measured value determines
whether or how the device is used.

In another embodiment, the invention is to a device com-
prising a sensor and a continuous polymer layer formed on a
substantially planar surface wherein the surface comprises
two adjacent electrical contact pads and a space therebe-
tween, wherein said polymer layer covers at least a portion of
the two electrical contact pads and a portion of said space
therebetween, wherein a preselected potential or potential
cycle is applied to the pads and the impedance or current
associated with said polymer layer is measured, said mea-
sured value is converted to a value indicative of the average
shelf life time remaining for other devices from the same
manufacturing lot.

In preferred embodiments, the polymer layer comprises a
polymer matrix, a plasticizer and an organic salt. For
example, the polymer layer may comprise from 20 to 40 wt.
% polymer matrix. The polymer matrix may comprise a poly-
mer selected from the group consisting of polyvinyl chloride,
polyurethane, polyvinylacetate, carboxylated PVC, hydroxy-
lated PVC and polydimethy] siloxane. The polymer layer
optionally comprises from 60 to 80% plasticizer, which may
be selected from the group consisting of trioctyl phosphate
(TOP), nitrophenyloctyl ether (NPOE), bisethylhexylseba-
cate (BEHS), trimethyl trimellitate (TMTT), dioctyl adipate
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(DOA) and diisobutyl phthalate (DIBP). The polymer layer
may comprise from 0.1 to 10 wt. % of an organic or inorganic
salt, e.g., a salt selected from the group consisting of quater-
nary ammonium tetrakis phenylborate, dodecyl sulfosucci-
nate, lauryl sulfate, alkyl ether phosphates, benzylkonium,
cetylpyridinium dodecyl sulfosuccinate, lauryl sulfate, alkyl
ether phosphates, tetramethylammonium, benzylkonium,
cetylpyridinium, an iodide, a bromide, a perchlorate, a zwit-
terionic compound, cocamidopropyl hydroxysultaine and
quaternary ammonium borate.

The configuration and shape of the polymer layer may vary
widely, but in one embodiment, the continuous polymer layer
is substantially circular, preferably domed, and has a diameter
of from about 20 pm to about 2 mm. The device may further
comprise a boundary structure for controlling the spreading
of a dispensed polymer layer precursor to a predetermined
region of the device, e.g., a ring intersecting said first and
second contact pads. The first and second pads optionally are
separated by a distance of from about 10 pm to about 2 mm.

The device may comprise a sensor selected from the group
consisting of a pH sensor, oxygen sensor, carbon dioxide
sensor, hematocrit sensor, glucose sensor, lactate sensor,
creatinine sensor, sodium sensor, potassium sensor, magne-
sium sensor, calcium sensor, chloride sensor, phosphate sen-
sor, liver enzyme sensor, BNP sensor, troponin sensor, BUN
sensor, CKMB sensor, NGAL sensor, TSH sensor, D-dimer
sensor, PSA sensor, PTH sensor, cholesterol sensor, ALT
sensor, AST sensor, prothrombin sensor, APTT sensor, ACT
sensor, galectin sensor, and combinations thereof.

In another embodiment, the invention is to a method of
making a device having a usability threshold, comprising the
steps of providing a substantially planar surface comprising a
first electrical pad and a second electrical pad; dispensing a
polymer layer precursor onto the surface, and forming from
the polymer layer precursor a continuous polymer layer con-
tacting at least a portion of the first and second electrical pads,
wherein the continuous polymer layer has an electrical prop-
erty associated with the device usability threshold. The poly-
mer layer precursor optionally comprises an aqueous solution
comprising polymer particles dispersed or dissolved in water
or an organic solution comprising polymer particles dis-
persed or dissolved in an organic solvent.

In another embodiment, the invention is to a method of
determining a threshold level associated with analytical
device usability, comprising the steps of: providing a plurality
of devices, each of said devices comprising a sensor; a first
electrical pad; a second electrical pad; and a continuous poly-
mer layer contacting at least a portion of the first and second
electrical pads, wherein said devices have been exposed to
different environmental conditions; measuring an electrical
property of the continuous polymer layer for each of the
devices; measuring a sensor signal for a control fluid for each
of'the devices; identifying a subset of said plurality of devices
that provide a signal having a predetermined acceptable pre-
cision level for said control fluid; and determining the thresh-
old level that corresponds to the electrical property of the
continuous polymer layer for the subset of said plurality of
devices. The environmental conditions may, for example,
include variations in at least one of time, temperature, or
humidity.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood in view of
the appended non-limiting figures, in which:

FIGS. 1A presents a diagram and FIG. 2A presents an
image showing a continuous polymer layer deposited on first
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and second electrical pads of a device in accordance with one
embodiment of the present invention;

FIG. 2 shows initial formulations for the indicator layers
used in Examples 2-4;

FIG. 3A and FIG. 3B show preliminary results for the
indicator layers with impedance changes for different com-
positions at different temperatures;

FIG. 4A shows a correlation plot for the indicator layers,
FIG. 4B shows a compensated ionized calcium test, and
FIGS. 4C and 4D show a creatinine test before and after
correction, respectively;

FIG. 5 shows the effect of ambient temperature on imped-
ance;

FIG. 6 shows the effect of storage humidity on impedance;

FIG. 7 shows the effect of ambient or operational humidity
on impedance;

FIG. 8 shows impedance variability with time;

FIG. 9 presents data from a plasticizer loss study; and

FIG. 10 shows the impedance measurement correlation for
different test systems.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is best understood in the context of
the current prior art on point-of-care blood analysis systems.
For example, the shelf life of an i-STAT® cartridge (see the
i-STAT® system made by Abbott Point of Care, Princeton,
N.J., USA) is typically indicated by a refrigeration expiration
date and a room temperature shelflife that are provided on the
product packaging, e.g., on a fluid-containing pouch thereof.
The refrigeration expiration date defines the length of time
that the cartridge may be stored under refrigerated conditions
after manufacture, e.g., at about 5° C. Depending on the
specific device, the refrigeration expiration date may be about
three months, about six months, about nine months or about
one year after the date of manufacture. The room temperature
shelf life defines the length of time that the cartridge may be
stored under room temperature (ambient, e.g., 25° C.) condi-
tions after a cartridge or a box of cartridges is removed from
refrigeration conditions, i.e., removed from a refrigerator.
The room temperature shelf life should not be allowed to
exceed the refrigeration expiration date. The room tempera-
ture shelf life is typically on the order of from two to nine
weeks, depending on cartridge type. In practice, the room
temperature expiration date is calculated from the room tem-
perature shelf life and is written on the box by the user at the
time of removal from the fridge. Thus, when a box of car-
tridges is taken out of the refrigerator, the user typically
counts the number of days or months to determine the room
temperature expiration date, verifies that the room tempera-
ture expiration date does not exceed the refrigeration expira-
tion date printed on the box or cartridge, and writes the room
temperature expiration date down on the box. Furthermore,
when a cartridge is to be used, the end user again checks the
expiry dates. This process lends itself to potential user error in
either or both calculating the refrigeration expiration date
and/or verifying that the refrigeration expiration date has not
been passed. The present invention is intended to determine
the suitability of the cartridge for use, i.e., the non-expiration
of the shelf life, automatically taking into consideration the
age of the device as well as the environment, e.g., tempera-
ture, under which the device has been stored. Thus the user is
relieved of this task and the opportunity for a user-induced
error is diminished.

While there are several time-temperature or shelf life indi-
cators that are known in the art, it is highly desirable to keep
the cost and complexity of the device to a minimum. In the
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present invention this is achieved by providing (or modifying)
a pair of electrical contact pads. Many analytical systems
employ electrical or electrochemical principles and will
already have such electrical contact pads as part of the device.
Consequently, their use adds no cost as they are present and
necessary for other functions, e.g., are used in analyte detec-
tion or in device calibration. The pads are desirably modified
so that they can act as shelflife indicators while still fulfilling
their intended purpose, typically analyte detection or device
calibration. Thus, the function of the TTI of the invention
should also be conducted without diminishing the ability or
performance of the contact pads for their primary purpose,
e.g., signal transmission in analyte sensing or device calibra-
tion. It is also contemplated, however, that the electrical con-
tact pads that are used for time/temperature indication
according to some embodiments may be separately provided
specifically for performing the role of TTI, and do not provide
any otherrole, e.g., in analyte sensing or device calibration. In
this latter aspect, separate contact pads optionally may be
provided for analyte detection and/or device calibration.

The present invention was in part stimulated by the obser-
vation that the electrical resistance of some prototype ion
sensor membranes structures was found to change after being
incubated at an elevated temperature for certain periods of
time. The present invention is thus based on the changing
electrical properties, e.g., current flow, resistance and the like,
of a polymer layer or the like that is positioned between and
preferably contacts two adjacent contact pads. In the present
specification, the material that is positioned between the two
adjacent contact pads is referred to as a “TTI material”” The
TTI material is preferably responsive to the integral of vary-
ing temperature over time such that this gives rise to a pre-
dictable change of its electrical properties.

Devices suitable for use in the present invention include,
but are not limited to, point-of-care devices such as those
disclosed in U.S. Pat. No. 7,723,099, the entirety of which is
incorporated herein by reference. The device preferably com-
prises a first electrical pad and a second electrical pad in
contact with a sensor. As used herein, the term “electrical
pad” refers to a location wherein electricity may be applied to
the device. The electrical pads of the present invention may,
for example, comprise a metal contact comprising gold, sil-
ver, a combination thereof or another metal. Suitable sensors
for use with the present invention include, but are not limited
to, electrochemical sensors, amperometric sensors, potentio-
metric sensors and conductimetric sensors.

The present invention will be specifically described in the
context of an i-STAT cartridge that employs two adjacent
hematocrit (Het) electrode pads, or a Het pad adjacent to an
amperometric sensor pad. Note that, for example, a hemat-
ocrit sensor can be used for fluidic integrity checking. Each
electrode (or bar) terminates in a contact pad which is used to
make contact with the connector in an i-STAT cartridge
reader. Features of the connectors are described in jointly
owned U.S. Pat. No. 4,954,087, the entirety of which is incor-
porated herein by reference. As indicated above, the primary
functions of integrity checking and hematocrit measurement
should not be affected by the additional use of the pads as part
ofaTTL

In a preferred embodiment, the present invention thus
relates to methods for determining device usability with a
time/temperature indicator (TTI). In one embodiment, the
method comprises the steps of providing a device comprising
a first electrical pad, a second electrical pad, and a TTI mate-
rial (preferably a continuous polymer layer) contacting at
least a portion of the first and second electrical pads; applying
a potential across the first and second electrical pads; mea-
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suring an electrical property associated with the TTI material;
and determining whether the measured electrical property
associated with the TTI material has exceeded a threshold
level associated with the device usability.

In one aspect, the TTI material is formed by depositing a
TTI material precursor between the two contact pads. In a
preferred embodiment, the TTI material comprises a continu-
ous polymer layer and the TTI material precursor comprises
a polymer layer precursor. The TTI material may be formed
by depositing, e.g., printing, the TTI material precursor, e.g.,
polymer layer precursor, between and preferably overlapping
two contact pads, e.g., an amperometric channel pad and a
Hct pad or two Het pads. The TTI material precursor is then
optionally treated, e.g., with heat or other radiation, or dried
to form the TTI material, e.g., continuous polymer layer, in a
region between the two contact pads, and preferably overlap-
ping the contact pads. This configuration enables the reader
instrument to measure an electrical property of the TTI mate-
rial before any sample or calibrant fluid contacts the elec-
trodes, which are located in a fluid conduit within the car-
tridge. See, for example, jointly owned U.S. Pat. Nos. 5,096,
669 and 7,491,821, the entireties of which are incorporated
herein by reference. In a preferred embodiment, the electrical
property that is measured is the open circuit resistance (R ;)
of'the TTI material. If the electrical property, e.g., R, mea-
surement, does not exceed a predetermined threshold value or
is within a certain range, the cartridge is considered valid for
use. For such cartridges, depending on how an analyzer is
programmed, the analyzer may indicate that the cartridge has
expired or otherwise reject the cartridge and abort the test
cycle, or engage in another remedial action, e.g., sensor out-
put correction. Nevertheless, it should be understood, how-
ever, that such devices may still be suitable for use but may
not have the desired degree of clinical precision.

In a preferred embodiment, the step of depositing, e.g.,
printing, the TTI material precursor between the two pads
may be accomplished by using a microdispensing process
such as the one described in jointly owned U.S. Pat. No.
5,554,339, the entirety of which is incorporated herein by
reference. This process involves preparing a fluid composi-
tion suitable for forming the polymer layer and loading it into
a microsyringe assembly. The microsyringe assembly may
comprise, for example, a reservoir, a microsyringe needle, a
pump for delivering the TTI material precursor from the
reservoir to the microsyringe needle, and a multidirectional
controller so that droplets may be brought into contact with
the area between the pads. Automatic alignment of the needle
tip to the dispensing location may be achieved in manufac-
turing, for example, using an optical recognition system using
one or more fiduciary marks.

In a preferred embodiment, particularly for low-cost com-
patible manufacturing methods, the process of depositing the
TTI material precursor may be substantially similar to the
printing process that is employed for the manufacture of
sensing membranes onto electrodes (see, e.g., U.S. Pat. No.
5,554,339) and the printing of reagents onto surfaces or con-
duit walls of cartridge components for subsequent dissolution
into a blood sample.

While the present invention is conceived in a first embodi-
ment as a process for determining device usability, in a second
embodiment, the invention may be used for sensor correction.
Thus, in the first embodiment, for example, the invention is to
a device configured for determining device usability compris-
ing a TTI material, e.g., a continuous polymer layer, formed
on a substantially planar surface wherein the surface com-
prises two adjacent electrical contact pads. As indicated
above, the TTI material preferably covers at least a portion of
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the two electrical contact pads and a portion of the space on
the surface between the contact pads. In a preferred embodi-
ment, a preselected potential or potential cycle is applied to
the pads and the impedance (Z) or current (I) associated with
the TTI material is measured, and the resulting measured
value is compared with a predetermined threshold value to
determine whether the device is usable.

In the second embodiment, the invention is to a device a
sensor and a TTI material, e.g., continuous polymer layer,
formed on a substantially planar surface wherein the surface
comprises two adjacent electrical contact pads. The TTI
material covers at least a portion of the two electrical contact
pads and a portion of the space on the surface between the
contact pads. In operation, a preselected potential or potential
cycle is applied to the contact pads and an electrical property,
e.g., impedance or current, associated with the TTI material is
measured. The measured value is converted to a correction
parameter that is applied to a signal from the output of the
sensor to provide a corrected sensor signal.

In a related embodiment, the invention is to a method of
correcting a signal in a sensing device, comprising the steps
of: (a) providing a sensing device comprising a sensor, a first
electrical pad, a second electrical pad, and a TTI material,
e.g., continuous polymer layer, contacting at least a portion of
the first and second electrical pads; (b) applying a potential
across the first and second electrical pads; (¢) measuring an
electrical property associated with the TTI material; (d) deter-
mining a correction factor associated with the measured elec-
trical property, e.g., from a look up table or the like; and (e)
applying the correction factor to a signal generated by the
sensor to produce a corrected signal.

In order to determine the appropriate correction factor, e.g.,
from a look up table or correction algorithm, it is necessary to
establish a relationship between the electrical property and
the correction factors. Thus, in another embodiment, the
invention is to a method of determining a correction factor
comprising the steps of: (a) providing a plurality of devices,
each of said devices comprising a sensor; a first electrical pad;
a second electrical pad; and a continuous polymer layer con-
tacting at least a portion of the first and second electrical pads,
wherein said devices have been exposed to different environ-
mental conditions; (b) measuring an electrical property of the
continuous polymer layer for each of the devices; (¢) measur-
ing a sensor signal for a control fluid for each of the devices;
and (d) correlating the measured electrical properties with the
measured sensor signals for the plurality of devices to deter-
mine the correction factor.

In a more generalized embodiment, the invention is to a
device having a TTI material, e.g., continuous polymer layer,
formed on a substantially planar surface, wherein the surface
comprises two adjacent electrical contact pads. The TTI
material covers at least a portion of the two electrical contact
pads and a portion of the space on said surface between said
pads. When a preselected potential or potential cycle is
applied to the contact pads and an electrical property, e.g.,
impedance or current, associated with the TTI material is
measured, the measured value determines whether the device
is usable and, if the device is usable, whether it is necessary to
correct the signal. If it is necessary to correct the signal, the
device may determine the appropriate correction factor and
modify a sensor signal from the device based on the correc-
tion factor to provide a corrected signal. For example a por-
tion of a manufacturing lot of devices can be tested under
different storage condition and tested with a standard liquid of
known composition (control fluid). If the TTI value and con-
trol fluid values are recorded, any variation between the
expected and measured control fluid value can be correlated
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with the TTI value and a correction algorithm created. This
can then be implemented in the instrument when running real
samples with that manufacturing lot of devices.

For both embodiments, the TTI material preferably com-
prises a continuous polymer layer that preferably comprises a
polymer matrix, a plasticizer and a salt. Typically the con-
tinuous polymer layer comprises from 10 to 60 wt. %, e.g.,
from 20 to 40 wt. %, polymer matrix, from 40 to 90 wt %, e.g.,
from 60 to 80 wt. %, plasticizer, and from 0.05 to 20 wt. %,
e.g., from 0.1 to 10 wt. %, salt. The polymer matrix optionally
is selected from the group consisting of polyvinylchloride
(PVC), polyurethane (PU), polyvinylacetate, carboxylated
PVC, hydroxylated PVC and polydimethylsiloxane (silicon
rubber). The plasticizer is optionally selected from the group
consisting of trioctyl phosphate (TOP), nitrophenyloctyl
ether (NPOE), bisethylhexylsebacate (BEHS), trimethyl tri-
mellitate (TMTT), dioctyl adipate (DOA) and diisobutyl
phthalate (DIBP). The salt is preferably highly lipophilic so
as to enhance polymer solubility and can be either organic or
inorganic. Exemplary organic salts may be selected from the
group consisting of dodecyl sulfosuccinate, lauryl sulfate,
alkyl ether phosphates, tetramethylammonium salts, benza-
Ikonium salts, cetylpyridinium salts and zwitterionic organic
salts, e.g., cocamidopropyl hydroxysultaine. Exemplary inor-
ganic salts may be selected from the group consisting of
iodide, bromide, perchlorate and zwitterionic inorganic salts.
In a preferred embodiment the salt comprises quaternary
ammonium borate.

The specific composition of the TTI material precursor,
e.g., polymer layer precursor, that is used to form the TTI
material, e.g., continuous polymer layer, may vary widely. In
an exemplary embodiment, the TTI material precursor com-
prises a polymer, the plasticizer, and the salt, as discussed
above, but preferably further comprises a carrier medium
(e.g., solvent) for imparting the desired physical properties
for deposition thereof as well as solubilizing the polymer
contained therein. In another embodiment, the precursor
comprises a monomer and an initiator, and polymerization
may occur after deposition of the TTI material precursor onto
the surface, e.g., through free radical polymerization, option-
ally with application of UV radiation.

The carrier medium may comprise water or an organic
solvent. As these materials are preferably microdispensed
onto the contact pads using microdispensing methods and
equipment as described in jointly owned U.S. Pat. No. 5,554,
339 previously incorporated herein by reference, similar con-
siderations as to ingredients, viscosity, surface preparation
and pretreatment and the like also apply to the present inven-
tion.

As described above, the continuous polymer layer is pref-
erably formed by microdispensing one or more drops of the
precursor onto the substantially surface and removing the
carrier medium, optionally with heat, and/or drying the pre-
cursor to form the TTI material. In a preferred embodiment,
e.g., for the embodiments described in the examples below,
the deposited precursor forms a substantially circular shape
having a diameter in the range of from about 20 um to about
2 mm, preferably 100 um to 500 um, and is generally domed,
covering the distance between the two pads, which preferably
is in the range of from about 10 pm to 1 mm, preferably from
about 10 um to 200 pm. The average thickness of the layer is
generally in the range of from about 1 um to about 200 pm,
preferably from about 20 pm to about 60 um. One skilled in
the art will appreciate that ranges outside of those provided
above may be employed, for example, for larger sensor
devices such as some home use glucose testing strips.
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Various potential cycles may be used in measuring the
electrical property associated with the TTI material, e.g.,
continuous polymer layer. In some exemplary embodiments,
the potential cycle may be selected from a sigmoidal potential
cycle, a fixed applied potential, and a potential that is a
sequence of fixed applied potential steps. Measurements may
be made, for example, with an impedance measuring circuit
in an instrument, or a current measuring circuit in an instru-
ment. In a preferred embodiment, an initial current value
associated with the TTT layer is measured when the device is
manufactured and the threshold level is at least three times,
preferably at least five times, lower than the initial current
value. Conversely, in another aspect, an initial impedance
value associated with the TTI material is measured when the
device is manufactured and the threshold level is at least three
times greater, preferably at least five times greater, than the
initial impedance. In some exemplary embodiments where
current is measured, the current ranges from picoamps to
milliamps, but more typically from nanoamps to microamps,
e.g., from 0.1 to 100 nanoamps. Where impedance is mea-
sure, the typical impedance may range, for example, from
below the megaohm range to above the gigaohm range, more
typically in the tens of megaohms to low gigaohm range,
optionally from 100 to 1500 megaohms at a frequency of
from about 1 to about 10 Hz.

Where a sensor correction is made, the correction value
may be selected from an amperometric correction value, a
potentiometric correction value, a coulombic correction
value and a conductivity correction value. These values are
typically applied to a sensor selected from the group consist-
ing of a pH sensor, oxygen sensor, carbon dioxide sensor,
hematocrit sensor, glucose sensor, lactate sensor, creatinine
sensor, sodium sensor, potassium sensor, magnesium sensor,
calcium sensor, chloride sensor, phosphate sensor, liver
enzyme sensor, BNP sensor, troponin sensor, BUN sensor,
CKMB sensor, NGAL sensor, TSH sensor, D-dimer sensor,
PSA sensor, PTH sensor, cholesterol sensor, ALT sensor, AST
sensor, prothrombin sensor, APTT sensor, ACT sensor, galec-
tin sensor, and combinations thereof.

One desirable feature of the present invention is that it may
be easily adaptable to widely available commercial technolo-
gies and can be performed with existing electronics that
require no hardware changes but only a software modifica-
tion, which are generally simpler to implement than hardware
modifications. For example, an i-STAT instrument may be
able to measure conductivity at 10 kHz and 50 kHz, but may
be conveniently expanded to a wider frequency range. In a
preferred embodiment, this circuitry is programmed to mea-
sure the electrical resistance between adjacent contact pads at
a frequency of 10 Hz. It has been found that low frequency
impedance measurements in the range of from about 1 Hz to
about 100 Hz are most sensitive in detecting a change in the
electrical property of the TTI material. Without being bound
by theory, it is understood that changes in circuit impedance
may be due to a change in the bulk membrane resistance,
which is best observed when the ions in the membrane
migrate some distance so they must be under a polarizing
voltage for some time, which requires a low frequency. One
possible mechanism is that at higher frequencies, the voltage
oscillates so quickly that the ions do not migrate appreciably.
As a result, the resistance to their movement does not influ-
ence the impedance. Another possibility is that the impedance
change over time that is observed in the present invention may
be contributed in part by the electrode oxidation and its inter-
face with the bulk polymer membrane. In general, electrode
polarization impedance becomes more significant at lower
frequencies than at higher frequencies. In any event, an
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important parameter to the present invention is an empirically
observable and consistently predictable change in the electri-
cal property.

To avoid compromising the use of the contact pads for their
primary function, typically analyte sensing, where the elec-
trical property that is measured is the open circuit resistance,
the R, preferably is much greater than, e.g., at least 1000
times greater than, the closed circuit resistance, i.e., the resis-
tance measured between the electrodes attached to the contact
pads with either sample or calibrant fluid covering the elec-
trodes. However, the R, preferably is much lower, e.g., at
least 100 times lower, than the existing open circuit resis-
tance, i.e., the resistance between the contact pins prior to
contacting the pads. This goal may be accomplished through
careful design of the geometry of the TTI material and control
of'the TTI composition. Thus, a reduced cross-sectional poly-
mer layer area and an extended polymer pathlength between
the pads will generally lead to an increased resistance for any
given material composition, whereas increasing the ionic
content and ion mobility of the polymer layer for a given
geometry will generally lead to a decreased resistance. Note
that the typical sample or calibrant fluid resistance is in the
range of about ten to thousands of ohms, whereas the open
circuit resistance is generally greater than several giga-ohms.
Thus, the TTI resistance is preferably in the mega-ohm to low
giga-ohm range, as shown in the appended figures.

One important feature of the present invention is establish-
ing a quantitative relationship between R ., and actual aging
of a test cartridge. As indicated above, the objective is to
prevent expired cartridges from being used and prevent
usable cartridges from being discarded. Thus, in another
embodiment, the invention is to a method of determining a
threshold level associated with analytical device usability.
The method comprises the steps of: (a) providing a plurality
of devices, each of said devices comprising a sensor; a first
electrical pad; a second electrical pad; and a continuous poly-
mer layer contacting at least a portion of the first and second
electrical pads, wherein said devices have been exposed to
different environmental conditions; (b) measuring an electri-
cal property of the continuous polymer layer for each of the
devices; (c¢) measuring a sensor signal for a control fluid for
each of'the devices; (d) identifying a subset of said plurality of
devices that provide a signal having a predetermined accept-
able precision level for said control fluid; and (e) determining
the threshold level that corresponds to the electrical property
of'the continuous polymer layer for the subset of said plurality
of devices.

The present invention advantageously avoids the need to
add to the TTI material conductive particles, e.g., carbon
black, conductive carbon nanotubes, metallic particles,
metallic oxide, semi-conductor particles, to adjust the initial
resistivity to the desired level. By contrast, the present inven-
tion, in some aspects, relies on a TTI material comprising a
polymer, i.e., a non-conductive material, and various other
molecular species. While these species may be polar or ionic
and thus affect the conductivity of the TTI material, they are
not particulate in nature. In the preferred embodiment, lipo-
philic organic ammonium ion salts are used, e.g., dodecylam-
monium chloride and tetraphenylborate to impart the desired
degree of resistivity/conductivity. Nevertheless, in other
aspects of the invention, such conductive particles may be
included in the TTI material precursor as well as the TTI
material used in the devices and methods of the invention.

The TTI material should be accurately positioned in the
devices in order, for example, to avoid potential contamina-
tion of the connector, e.g., connector pins, in the instrument.
Notably, the transfer of polymeric material from the TTI
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material to the connector pins should be minimized or
avoided. Consequently, in some aspects, the present invention
also relates to devices having a boundary structure that facili-
tates controlling the spreading of the dispensed precursor that
forms the TTI material, e.g., continuous polymer layer. The
boundary structure may, for example, be positioned at a pre-
determined region of the device, for example as a polygon,
e.g., square, pentagon, hexagon, octagon, and the like, oras a
cylindrical or ring shape. This boundary structure, if
employed, preferably is positioned in a manner that intersects
the two adjacent pads.

In embodiments where the connector pin tips initially con-
tact the top portion of a pad and move slightly towards the
middle of the chip as the connector applies more force, it is
preferred that the boundary structure, e.g., ring, locations
closer to the middle of the chip are used for locating the
polymer layer. In this manner, the TTI material preferably is
positioned beyond the extent of travel of the pin tip, thus
obviating the contamination issue. The scratch marks in the
middle of'the contact pads in FIG. 1B, discussed below, show
where the connector pins have hit the contact pads and moved
during connector engagement. An exemplary boundary struc-
ture is discussed in the following Examples.

EXAMPLES

Six TTI material formulations were tested on silicon chips
of'the type shown in FIGS. 1A and 1B. The silicon chips were
made on wafers according to the general processes as
described in jointly owned U.S. Pat. Nos. 5,200,051 and
7,419,821. Six contact pads are shown at the top of the chip,
two of which are each connected to a round amperometric
sensor by a conducting line, and two are connected to parallel
hematocrit sensing bars. Six circles indicate the locations for
printing the TTI material. The overall dimensions of the chip
are about 3x5 mm and the TTI material diameter is about 0.2
mm FIG. 1B is an image of an actual chip with two rings
printed with TTI material (left) and two rings without TTI
material (right). Four optional positions for boundary struc-
tures are shown. Note the domed shape of the printed struc-
ture is apparent in FIG. 1B. The boundary structure may be
formed, for example, by patterning a ridge of passivation
material, e.g., a photoformable polyimide. Note that a photo-
formable passivation material may be spin-coated and pat-
terned to form an insulating layer over the contact lines on the
chip in FIGS. 1A and 1B. Thus, the mask for that process may
also include the ring structures as shown. Jointly owned U.S.
Pat. No. 5,200,051, the entirety of which is incorporated by
reference, discloses similar processes. Other photoformable
materials, e.g., those based on polyvinyl alcohol or dichro-
mated gelatin, may also be used.

FIG. 2 presents two tables with the different TTI material
precursor formulations that were prepared and evaluated.
Different solids content of ETH-500 (Tetradodecylammo-
nium tetrakis(4-chlorophenyl) borate) and ratios of TOP,
NPOE, BEHS and PVC with high and low molecular weight
PVC materials were investigated as shown in formulations
1-6 and A-C. These formulations were printed using the
microdispensing method described in jointly owned U.S. Pat.
No. 5,554,339 onto one or more of the circled locations
indicated in FIG. 1.

Chips and cartridges were stored in a set of incubators from
5° C. 10 50° C. at a controlled humidity, with the initial time
recorded. They were tested within about 20 minutes of
removal. The temperatures indicated in the figures indicate
the actual storage temperature. Note that room temperature
was 25° C. in these experiments.
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Individual chips were then stored at one of four tempera-
tures, specifically at 5° C., 13° C., 25° C. and 35° C., and
tested at 0, 3, 7 and 11 weeks. The impedance of all samples
except for those with NPOE increased over time, and the rate
of'change was greater at higher ambient temperature than at a
lower temperature. As an example, FIG. 3A shows the results
of formulations 2 and 4, which indicates that ETH-500 con-
tent affects the slope of the response. Comparing formula-
tions 2 and 6 revealed that BEHS can affect the temperature
coefficient of the slope, and comparing formulations 1, 2 and
3 revealed that increasing the TOP concentration mainly
affects the slope (data not shown). NPOE-containing formu-
lations generally had too high a resistance for optimum per-
formance as a TTI material.

The plots in FIG. 3B show that for formulation (A), the
impedance increased from an initial value of about 160 Mega-
ohms over time, and the increase was greater with increasing
storage temperature. Similar results were shown for formu-
lations (B) and (C). For comparison, the results of formula-
tion 4 (FIG. 2) are also plotted in FIG. 3B.

The first plot in FIG. 4A shows the mean calibrant ionized
calcium value (iCa) for a set of calcium sensors as a function
oftime at these different storage conditions (5°C., 13°C., 25°
C. and 35° C.). The three other plots in the same figure show
a correlation of the iCa value with the impedance of the
associated TTI material for each of the three formulations
A-C. The data clearly show that the correlation can be used to
set a threshold impedance value, e.g., 500 Mega-ohms, above
which the iCa sensor is considered to have exceeded its shelf
life and therefore should not be reported, i.e., used to deter-
mine a patient test value.

FIG. 4B shows the original iCa data points (left) and after
correction (right) using the regression formula derived from
formulation A as shown in the top-right plot of FIG. 4A. This
embodiment has the advantage that it enables a sensor that
would otherwise have been considered to have exceeded its
shelf life to still be used based on a time and temperature
integrated correction factor. Once the TTI relationship
between thermal exposure and change in impedance has been
established, a dynamic correction algorithm can be created
and embedded into the instrument software.

An approach to correcting an assay result for aging relies
upon the following. The assay and TTI need to predictably
change when subjected to the same thermal stress indepen-
dent of the conditions to which it has been subjected. For
example, an assay storage condition with highly fluctuating
temperature (bounded by the allowable extremes) should pro-
duce nearly the same change as is observed when the assay is
stored at a fixed temperature. [fthis condition is met, and if the
time and mean kinetic temperature (MKT), which is the
equivalent fixed temperature at which an assay would need to
be held to reach the same degree of aging, are known then the
assay result can be corrected. If the duration of thermal stress
is known (ideally the time since the date of manufacturer), the
TTI can be used to calculate the MKT. Based upon the rela-
tionship established between the MKT and the change in the
assay result the expected change can be back calculated from
the result. The correction algorithm may be derived using an
Arrhenius model. An example is shown in FIGS. 4C and 4D,
before and after correction, respectively, for a creatinine sen-
sor (Crea). For example, a correction factor for creatinine
may be determined by the following formula:

[Crea]=b*response-c

wherein:

“response” is the slope of the sensor response (e.g., cur-
rent) for the sample;

(b) is a calibration parameter for slope (b) of the sensor
response;

(c) is a calibration parameter for intercept (c).
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With aging, the response slope b is changing according to
Arrhenius model and creatinine concentration can be cor-
rected as follows:

[CREA] =
b

E 1 1
6, -exp(—(@z -exp(—ﬂ (— - —]]] -time] + 05
R MKT Ty

X Response +

wherein:

MKT is the mean kinetic temperature and can be estimated
from the measured TTI impedance R,

Ea zz, 1s apparent activation energy for change in creati-
nine sensor response;

R is the universal gas constant;

T,.is the experimental reference temperature;

0, 1s a pre-exponential factor for time/temperature changes
in b;

8, is the rate of changeinb at T, 5 and

0, is non-temperature dependent offset=1-6,.

FIG. 5 shows the effect of ambient temperature on the
measurements. Impedance at a frequency of 1 Hz was mea-
sured for formulations 2, 4 (data shown at week 7) and 6, and
for each formulation 5 devices were tested at 16° C., 20° C.,
25° C. and 30° C., respectively. Correlating data for formu-
lations 2, 4 and 6 in the second graph shows that the imped-
ance decreases with temperature at ~3-4%/C. Due to the
significant temperature dependence on impedance, an ambi-
ent temperature measurement would be needed to correct the
measured impedance to the standard reference temperature,
e.g., standard room temperature of 23° C. Otherwise, the TTI
device should be measured at a fixed temperature, e.g., 37° C.
standard body temperature, although this would reduce the
sensitivity (AZ/Atime-temp) of the TTI device.

The effect of storage and operational humidity were also
studied. Formulations A, B and C were tested with devices
stored at 11% and 55% relative humidity (RH). FIG. 6 shows
aplot of impedance amplitude (Zmod) versus time and shows
that the effect on storage was small. Therefore, humidity did
not appear to be a significant variable in the TTI material
design. FIG. 7 shows similar data for the same formulations
during operation, i.e., simulation of the actual cartridge test
cycle, at 11% and 95% RH. Again, the results indicated that
operational humidity was not a significant variable in TTI
design.

FIG. 8A shows that the variability of the results of formu-
lation A printed on an immunosensor chip (of the type shown
in FIG. 1) aged at 35° C. became greater over time. It was also
noticed that the variability increased with increasing tem-
perature. Without being bound by theory, there is a possibility
that the increased variability is caused by separation of the
polymer material from the metal contact pads. This delami-
nation would cause a smaller cross sectional contact area
between the polymer and electrode, thereby increasing resis-
tance. Ensuring that the TTI material does not delaminate
from the contact pads (and the dielectric substrate) is impor-
tant in ensuring multiple mechanisms are not influencing the
measured impedance. FIG. 8B compares the variabilities of 3
configurations (PVC on TH chip, PVC on Crea Chip, and
PVC+PU on Crea Chip) after being aged at 25° C.,35°C. and
45° C. for about 17 days. The results indicated that the last
configuration improved the repeatability significantly (down
to <3% CV at 25 C and 35 C).
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One of the basic questions in the present study was seeking
to identify the cause or causes of the impedance change. One
potential source was mass loss of the more volatile compo-
nents of the polymer layer mixture. FIG. 9 shows the data for
formulation A where continuous polymer layers were printed
onto glass slides and weighed before and after printing and
during storage at 5° C., 13° C., 25° C. and 35° C. In FIG. 9,
Plain 1 and 2 refer to the slide before printing. In the period
immediately after printing and after the performance of vari-
ous curing steps and also after storage for three weeks, it was
found that the measured mass did not change significantly.
Formulation B material was also printed and tested in the
same way with similar results.

Without being bound by theory, the mechanism for
increasing impedance of the TTI material appears to be a
subtle combination of at least some of the following vari-
ables: plasticizer evaporation, chemical changes, component
degradation, changes in the mobility of the electrolyte com-
ponents, polymer reorganization between amorphous and
crystalline states, salt precipitation, phase separation, inter-
facial changes between the electrode surface and the polymer
layer, partial delamination and polymer creep. With respectto
the present invention however, repeatable empirical observa-
tion of a consistent and predictable rate of change is the basis
of utility of a practical device.

With regard to practical implementation of the present
invention, FIG. 10 shows the correlation of data for formula-
tions A, B and C tested using standard analytical equipment
for measuring impedance (Gamry Reference 600, Gamry
Instruments, 734 Louis Drive, Warminster, Pa. 18974) com-
pared to the analog to digital converter (ADC) output of the
hematocrit channel of an i-STAT1 instrument. About 270
cartridges were aged at various temperatures and tested. The
figure shows a reasonably tight relationship between the two
measurement protocols indicating that the commercially
established i-STAT1 circuitry was suitable for measuring a
TTI without modification beyond the appropriate software
changes. Based on the curves shown in FIG. 10, the threshold
values for determining if a particular cartridge has exceeded
its useful life due to age and/or temperature exposure can be
assigned for a given TTI material precursor formulation.
Likewise, a sensor correction factor can also be assigned.

By utilizing the present invention it is possible to signifi-
cantly further extend the time available for typical room tem-
perature storage of blood testing devices. In this context, the
improvement can be at least about 50%. In addition, the
invention may be applied to any electrochemical test device
where the instrumentation enables current or impedance mea-
surements, e.g., glucose meters used for diabetes monitoring
with electrochemical sensor strips. The invention also sim-
plifies the process of implementing point of care testing tech-
nology for the user, e.g., nurse, doctor or other healthcare
professional. It also ensures that test devices, e.g., cartridges,
strips and the like, have been stored properly prior to the use
of each individual device. It can be used to compensate for
device aging factors and improve the accuracy of results
throughout the life of the device.

In another embodiment of the present invention, the mea-
sured value from the TTI is used to calculate the remaining
percentage of thermal stress for the rest of a manufacturing lot
of the same devices stored under the same conditions. This is
essentially the length of time for room temperature storage
that remains for all of the other devices that were stored with
the tested device but have yet to be used. As all of the devices
in a given lot (e.g., a given i-STAT cartridge manufacturing
lot) are manufactured in the same way and at the same time,
the tested device gives a measured impedance or current value
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that not only is relevant to that particular device (as applied in
other disclosed embodiments) but can also be used predic-
tively with respect to other devices from the same manufac-
tured lot that have been subjected to the same storage condi-
tions as the tested device.

For example, assuming a thermal stress budget of 100% at
the time the lot of cartridges are removed from refrigeration,
at the time a particular cartridge is tested, it is possible to
calculate from the measured TTI value that some fraction of
the budget remains, i.e., a value from 100% to 0% (expiry).
This is based on an embedded data curve reflecting this range
that is part of the instrument software algorithm. The curve is
derived from the type of data shown in the various figures, i.e.,
factory determined and uploaded to the instrument for prede-
termined lots.

Optionally, this information is displayed on the instrument
and relayed to the hospital’s point of care coordinator. This
enables a new supply of devices, e.g., a new box of cartridges,
to be ordered when expiry is imminent. It also enables the
creation of a cartridge management report that allows the
point of care coordinator to easily monitor and manage car-
tridges throughout a facility in a remote manner. Note that in
practice, individual cartridges are generally traceable to a
particular box and it is a reasonable assumption that car-
tridges are stored together in the box. Consequently, every
time a cartridge is run from a particular box it provides use-
able information on the amount of room temperature storage
for the remaining cartridges in that box and all boxes stored
similarly.

While the invention has been described in terms of various
preferred embodiments, those skilled in the art will recognize
that various modifications, substitutions, omissions and
changes can be made without departing from the spirit of the
present invention. Accordingly, it is intended that the scope of
the present invention be limited solely by the scope of the
following claims.

What is claimed is:

1. A method of determining device usability, comprising
the steps of:

providing a device comprising a first electrical pad; a sec-

ond electrical pad; and a continuous polymer layer con-
tacting at least a portion of the first and second electrical
pads;

applying, by an instrument, a potential across the first and

second electrical pads;

measuring, by the instrument, an electrical property asso-

ciated with the continuous polymer layer;

determining, by the instrument, whether the measured

electrical property associated with the continuous poly-
mer layer has exceeded a threshold level associated with
the device usability; and

determining, by the instrument, the device is valid for use

when the measured electrical property associated with
the continuous polymer layer does not exceed the
threshold level,

wherein the continuous polymer layer comprises a poly-

mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 20

to 40 wt.% polymer matrix.

2. The method of claim 1, wherein the polymer matrix
comprises a polymer selected from the group consisting of
polyvinyl chloride (PVC), polyurethane, polyvinylacetate,
carboxylated PVC, hydroxylated PVC and polydimethyl
siloxane.

3. The method of claim 1, wherein the continuous polymer
layer comprises from 60 to 80% plasticizer.
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4. The method of claim 1, wherein the plasticizer is
selected from the group consisting of trioctyl phosphate
(TOP), nitrophenyloctyl ether (NPOE), bisethylhexylseba-
cate (BEHS), trimethyl trimellitate (TMTT), dioctyl adipate
(DOA) and diisobutyl phthalate (DIBP).

5. The method of claim 1, wherein the electrical property
comprises current, resistance, impedance, conductivity, or a
combination thereof.

6. The method of claim 1, wherein the distance between the
first and second electrical pads is from 10 um to 2 mm.

7. The method of claim 1, wherein the potential comprises
a sigmoidal potential cycle, a fixed applied potential, a
sequence of fixed applied potential steps, or a combination
thereof.

8. The method of claim 1, wherein the potential comprises
a potential cycle that is applied at a predetermined frequency
in the range of about 1 Hz to about 100 Hz.

9. The method of claim 1, further comprising inserting the
device into the instrument configured to determine whether
the measured electrical property associated with the continu-
ous polymer layer has exceeded the threshold level associated
with the device usability.

10. The method of claim 1, where the device further com-
prises a sensor selected from the group consisting of a pH
sensor, oxygen sensor, carbon dioxide sensor, hematocrit sen-
sor, glucose sensor, lactate sensor, creatinine sensor, sodium
sensor, potassium sensor, magnesium sensor, calcium sensor,
chloride sensor, phosphate sensor, liver enzyme sensor,
B-type Natriuretic Peptide (BNP) sensor, troponin sensor,
blood urea nitrogen (BUN) sensor, creatine kinase myocar-
dial b fraction (CKMB) sensor, neutrophil gelatinase associ-
ated lipocalin (NGAL) sensor, thyroid stimulating hormone
(TSH) sensor, D-dimer sensor, prostate specific antigen
(PSA) sensor, parathyroid hormone (PTH) sensor, choles-
terol sensor, alanine transaminase (ALT) sensor, aspartate
aminotransferase (AST) sensor, prothrombin sensor, acti-
vated partial thromboplastin time (APTT) sensor, activated
clotting time (ACT) sensor, galectin sensor, and combina-
tions thereof.

11. A method of determining device usability, comprising
the steps of:

providing a device comprising a first electrical pad; a sec-

ond electrical pad; and a continuous polymer layer con-
tacting at least a portion of the first and second electrical
pads;

applying, by an instrument, a potential across the first and

second electrical pads;

measuring, by the instrument, an electrical property asso-

ciated with the continuous polymer layer;

determining, by the instrument, whether the measured

electrical property associated with the continuous poly-
mer layer has exceeded a threshold level associated with
the device usability; and

determining, by the instrument, the device is valid for use

when the measured electrical property associated with
the continuous polymer layer does not exceed the
threshold level,

wherein the continuous polymer layer comprises a poly-

mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 0.1

to 10 wt.% of the organic salt.

12. The method of claim 11, wherein the organic salt is
selected from the group consisting of quaternary ammonium
tetrakis phenylborate, dodecyl sulfosuccinate, lauryl sulfate,
alkyl ether phosphates, benzylkonium, cetylpyrdinium dode-
cyl sulfosuccinate, lauryl sulfate, alkyl ether phosphates, tet-
ramethylammonium, benzylkonium, cetylpyrdinium, an
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iodide, a bromide, a perchlorate, a zwitterionic compound,
cocamidopropyl hydroxysultaine and quaternary ammonium
borate.

13. A method of determining device usability, comprising
the steps of:

providing a device comprising a first electrical pad; a sec-

ond electrical pad; and a continuous polymer layer con-
tacting at least a portion of the first and second electrical
pads;

applying, by an instrument, a potential across the first and

second electrical pads;

measuring, by the instrument, an electrical property asso-

ciated with the continuous polymer layer;

determining, by the instrument, whether the measured

electrical property associated with the continuous poly-
mer layer has exceeded a threshold level associated with
the device usability; and

determining, by the instrument, the device is valid for use

when the measured electrical property associated with
the continuous polymer layer does not exceed the
threshold level,
wherein the continuous polymer layer comprises a poly-
mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer is substantially cir-
cular and has a diameter of from about 20 pm to about 2
mm.

14. The method of claim 13, wherein the device further
comprises a boundary structure for controlling the spreading
of a dispensed polymer layer precursor to a predetermined
region of the device.

15. The method of claim 13, wherein the device further
comprises a boundary structure for controlling the spreading
of'a dispensed liquid to a predetermined region of the device,
wherein the boundary structure comprises a ring intersecting
said first and second contact pads.

16. The method of claim 13, wherein the first and second
pads are separated by a distance of from about 10 pum to about
2 mm.

17. A method of determining device usability, comprising
the steps of:

providing a device comprising a first electrical pad; a sec-

ond electrical pad; and a continuous polymer layer con-
tacting at least a portion of the first and second electrical
pads;

applying, by an instrument, a potential across the first and

second electrical pads;

measuring, by the instrument, an electrical property asso-

ciated with the continuous polymer layer;

determining, by the instrument, whether the measured

electrical property associated with the continuous poly-
mer layer has exceeded a threshold level associated with
the device usability; and

determining, by the instrument, the device is valid for use

when the measured electrical property associated with
the continuous polymer layer does not exceed the
threshold level,

wherein the continuous polymer layer comprises a poly-

mer matrix, a plasticizer and an organic salt,

wherein the first and second pads are separated by a dis-

tance of from about 10 pm to about 2 mm, and
wherein the continuous polymer layer is domed.

18. A method of determining device usability, comprising
the steps of:

measuring an initial current value associated with a con-

tinuous polymer layer when a device is manufactured;
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providing the device comprising a first electrical pad; a
second electrical pad; and the continuous polymer layer
contacting at least a portion of the first and second elec-
trical pads;

applying, by an instrument, a potential across the first and
second electrical pads;

measuring, by the instrument, an electrical property asso-
ciated with the continuous polymer layer;

determining, by the instrument, whether the measured
electrical property associated with the continuous poly-
mer layer has exceeded a threshold level associated with
the device usability; and

determining, by the instrument, the device is valid for use
when the measured electrical property associated with
the continuous polymer layer does not exceed the
threshold level,

wherein the electrical property comprises current, and

wherein the threshold level is at least five times lower than
initial current value.

19. A method of determining device usability, comprising

the steps of:

measuring an initial impedance value associated with a
continuous polymer layer when a device is manufac-
tured;

providing the device comprising a first electrical pad; a
second electrical pad; and the continuous polymer layer
contacting at least a portion of the first and second elec-
trical pads;

applying, by an instrument, a potential across the first and
second electrical pads;

measuring, by the instrument, an electrical property asso-
ciated with the continuous polymer layer;

determining, by the instrument, whether the measured
electrical property associated with the continuous poly-
mer layer has exceeded a threshold level associated with
the device usability; and

determining, by the instrument, the device is valid for use
when the measured electrical property associated with
the continuous polymer layer does not exceed the
threshold level,

wherein the electrical property comprises current, and

wherein the threshold level is at least five times greater than
the initial impedance.

20. A device having a usability threshold, comprising

a first electrical pad, a second electrical pad, and a continu-
ous polymer layer contacting at least a portion of the first
and second electrical pads,

wherein the continuous polymer layer has an electrical
property associated with the device usability threshold,

wherein the continuous polymer layer comprises a poly-
mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 20
to 40 wt.% polymer matrix.

21. The device of claim 20, wherein the polymer matrix
comprises a polymer selected from the group consisting of
polyvinyl chloride (PVC), polyurethane, polyvinylacetate,
carboxylated PVC, hydroxylated PVC and polydimethyl
siloxane.

22. The device of claim 20, wherein the polymer layer
comprises from 60 to 80% plasticizer.

23. The device of claim 20, wherein the plasticizer is
selected from the group consisting of trioctyl phosphate
(TOP), nitrophenyloctyl ether (NPOE), bisethylhexylseba-
cate (BEHS), trimethyl trimellitate (TMTT), dioctyl adipate
(DOA) and diisobutyl phthalate (DIBP).
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24. A device having a usability threshold, comprising

afirst electrical pad, a second electrical pad, and a continu-

ous polymer layer contacting at least a portion of the first
and second electrical pads,

wherein the continuous polymer layer has an electrical

property associated with the device usability threshold,
wherein the continuous polymer layer comprises a poly-
mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 0.1

to 10 wt.% of the organic salt.

25. The device of claim 24, wherein the organic salt is
selected from the group consisting of quaternary ammonium
tetrakis phenylborate, dodecyl sulfosuccinate, lauryl sulfate,
alkyl ether phosphates, benzylkonium, cetylpyrdinium dode-
cyl sulfosuccinate, lauryl sulfate, alkyl ether phosphates, tet-
ramethylammonium, benzylkonium, cetylpyrdinium, an
iodide, a bromide, a perchlorate, a zwitterionic compound,
cocamidopropyl hydroxysultaine and quaternary ammonium
borate.

26. A device having a usability threshold, comprising

afirst electrical pad, a second electrical pad, and a continu-

ous polymer layer contacting at least a portion of the first
and second electrical pads,

wherein the continuous polymer layer has an electrical

property associated with the device usability threshold,
wherein the continuous polymer layer comprises a poly-
mer matrix, a plasticizer and an organic salt, and
wherein the continuous polymer layer is substantially cir-
cular and has a diameter of from about 20 pm to about 2
mm.

27. The device of claim 26, further comprising a boundary
structure for controlling the spreading of a dispensed polymer
layer precursor to a predetermined region of the device.

28. The device of claim 26, further comprising a boundary
structure for controlling the spreading of a dispensed liquid to
a predetermined region of the device, wherein the boundary
structure comprises a ring intersecting said first and second
contact pads.

29. The device of claim 26, wherein the first and second
pads are separated by a distance of from about 10 pum to about
2 mm.

30. A device having a usability threshold, comprising

afirst electrical pad, a second electrical pad, and a continu-

ous polymer layer contacting at least a portion of the first
and second electrical pads,

wherein the continuous polymer layer has an electrical

property associated with the device usability threshold,
wherein the continuous polymer layer comprises a poly-

mer matrix, a plasticizer and an organic salt, and
wherein the continuous polymer layer is domed.

31. The device of claim 30, wherein the distance between
the first and second electrical pads is from 10 um to 2 mm.

32. The device of claim 30, further comprising a sensor
selected from the group consisting of a pH sensor, oxygen
sensor, carbon dioxide sensor, hematocrit sensor, glucose
sensor, lactate sensor, creatinine sensor, sodium sensor,
potassium sensor, magnesium sensor, calcium sensor, chlo-
ride sensor, phosphate sensor, liver enzyme sensor, B-type
Natriuretic Peptide (BNP) sensor, troponin sensor, blood urea
nitrogen (BUN) sensor, creatine kinase myocardial b fraction
(CKMB) sensor, neutrophil gelatinase associated lipocalin
(NGAL) sensor, thyroid stimulating hormone (TSH) sensor,
D-dimer sensor, prostate specific antigen (PSA) sensor, par-
athyroid hormone (PTH) sensor, cholesterol sensor, alanine
transaminase (ALT) sensor, aspartate aminotransferase
(AST) sensor, prothrombin sensor, activated partial thrombo-
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plastin time (APTT) sensor, activated clotting time (ACT)
sensor, galectin sensor, and combinations thereof.
33. A method of making a device having a usability thresh-
old, comprising the steps of:
5 providing a substantially planar surface comprising a first
electrical pad and a second electrical pad;

dispensing a polymer layer precursor onto the surface, and

forming from the polymer layer precursor a continuous

polymer layer contacting at least a portion of the firstand
second electrical pads,

wherein the continuous polymer layer has an electrical

property associated with the device usability threshold,
wherein the continuous polymer layer comprises a poly-
mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 20

to 40 wt.% polymer matrix.

34. The method of claim 33, wherein the polymer layer
precursor comprises an aqueous solution comprising poly-
mer particles dispersed in water.

35. The method of claim 33, wherein the device further
comprises a boundary structure that controls the region of the
device where the liquid is dispensed.

36. The method of claim 35, wherein the boundary struc-
ture comprises a ring intersecting the first and second electri-
cal pads.

37. A method of determining a threshold level associated
with analytical device usability, comprising the steps of:

providing a plurality of devices, each of said devices com-

prising a sensor; a first electrical pad; a second electrical
pad; and a continuous polymer layer contacting at least
aportion of the first and second electrical pads, wherein
said devices have been exposed to different environmen-
tal conditions;

measuring, by an instrument, an electrical property of the

continuous polymer layer for each of the devices;
measuring, by the instrument, a sensor signal for a control
fluid for each of the devices;
identifying, by the instrument, a subset of said plurality of
devices that provide a signal having a predetermined
acceptable precision level for said control fluid; and

determining, by the instrument, the threshold level based
on an initial value of the electrical property of the con-
tinuous polymer layer of a subset of said plurality of
devices,

wherein the continuous polymer layer comprises a poly-

mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 20

to 40 wt.% polymer matrix.

38. The method of claim 37, wherein the environmental
conditions include variations in at least one of time, tempera-
ture, or humidity.

39. A device comprising a sensor and a continuous polymer
layer formed on a substantially planar surface,

wherein the surface comprises two adjacent electrical con-

tact pads and a space therebetween,

wherein said continuous polymer layer covers at least a

portion of the two electrical contact pads and a portion of
said space therebetween,

wherein a preselected potential or potential cycle is applied

to the pads and the impedance or current associated with
said continuous polymer layer is measured, said mea-
sured value is converted to a value indicative of the
average shelf life time remaining for other devices from
the same manufacturing lot,
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wherein the continuous polymer layer comprises a poly-
mer matrix, a plasticizer and an organic salt, and

wherein the continuous polymer layer comprises from 20
to 40 wt.% polymer matrix.
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